Abstract: Using modified uni-travelling carrier photodiodes that exhibit high linearity at high photocurrent we have generated a 10 GHz microwave carrier via optical frequency division with sub 500 attosecond absolute timing jitter (1Hz -10 MHz).
Optical frequency division of narrow linewidth cavity stabilized lasers has enabled the generation of X-band microwave signals with phase noise levels < -100 dBc/Hz at 1 Hz offset from the carrier [1] . The generation of room temperature microwaves with exceptional spectral purity has the potential to impact a variety of scientific applications from high-speed analog-to-digital conversion [2] , radar and sensing [3] to microwave atomic clocks [4] .
Frequency division is obtained using an optical frequency comb based on a femtosecond modelocked laser [5] . An optical phase lock transfers the stability of the narrow linewidth laser to the timing in the modelocked pulse train. Photodetection of this stable optical pulse train results in an electronic pulse train whose spectrum yields harmonics of the optical frequency divider (OFD) pulse repetition rate. Electronic filtering of a single harmonic allows for extraction of spectrally pure microwave tone.
Photodetection is a crucial element in low noise microwave generation. The ideal photodiode (PD) maintains high linearity at high incident optical powers. This is a challenging criterion when detecting ultra-short optical pulses. Peak optical powers 1000 times higher that those under continuous wave illumination yield high densities of photogenerated carriers. The intensity dependent charge screening that results from finite carrier mobility in the PD absorption layer can clamp the strength of the extracted microwave signal at relatively low average optical powers. Because the extracted signal strength determines the thermal and shot noise floors, PD saturation can limit the achievable high frequency noise floor. Another negative result of charge screening is the conversion of amplitude noise on the optical pulse train into timing noise on the microwave carrier [6] . Because of the impact of PD linearity on the microwave phase, much work has been dedicated to studying and circumventing the residual noise added in photodiode saturation [6] [7] [8] [9] .
Recent developments in high power, high linearity photodiodes have mitigated the space charge effect using a modified uni-travelling carrier (MUTC) architecture [10] . Moreover, in uni-travelling carrier diodes, the electron dynamics, whose transport is 6-10 times faster than for holes, are the limit to the PD response. The addition of a cliff layer tailors the electric field profile to overcome gain-bandwidth limitations and allow for even greater power handling while maintain PD device speed. Such advances in MUTC PDs have resulted in nearly 1 Watt of microwave power at 15 GHz when illuminated with modulated CW light at 1550 nm [11] .
Application of these MUTC PDs to low noise microwave generation has allowed us to realize 10 GHz signals with carrier strengths in excess of +20 dBm. Improved power handling, pulse interleaving, and a shot noise floor reduced by short pulse spectral correlations [12] has enabled > 15 dB improvement in the high frequency noise floor over previous results [13] . A record low absolute noise floor -177 dBc/Hz at 10 MHz offset was obtained while maintaining a close to carrier phase noise level of < -100 dBc/Hz at 1 Hz offset, shown in Fig. 1 . To achieve these phase noise levels at both low and high offset frequencies indicate that MUTC PDs exhibit very low amplitude to phase noise conversion and low flicker under high power illumination. c) The residual noise added in photodetection alone (black trace). This includes the effects of photodiode shot noise, thermal noise, flicker and amplitude to phase conversion. The integrated timing jitter from a) and c) is given on the right axis. For a single system, the timing jitter is reduced from these values by sqrt (2) .
